
Killer cell immunoglobulin-like receptor expression induction on
neonatal CD8

+ T cells in vitro and following congenital infection

with Trypanosoma cruzi

Introduction

Natural killer cells express inhibitory natural killer cell

receptors (iNKRs) recognizing major histocompatibility

complex (MHC) class I molecules that participate in the

control of NK-cell tolerance to self. In human adults, the

main iNKRs include killer-cell immunoglobulin-like

receptors (KIRs) interacting with different allelic groups

of MHC class I human leucocyte antigen-A, -B and -C,1

LIR1/ILT2 (CD85j), which recognizes most MHC class I

molecules,2 and CD94/NKG2A (CD94/CD159a), which

binds to the non-classical human leucocyte antigen-E

molecules.3 In addition to NK cells, iNKRs can also be

found on subpopulations of peripheral blood T-cell
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Pharmacologie Moléculaire et Cellulaire,

CNRS/UNSA, UMR6097, 660 Route des

Lucioles, 06560 Valbonne, France.

Email: braud@ipmc.cnrs.fr

Senior author: Véronique M. Braud

Summary

Major histocompatibility complex (MHC) class I-specific inhibitory natu-

ral killer receptors (iNKRs) are expressed by subsets of T cells but the

mechanisms inducing their expression are poorly understood, particularly

for killer-cell immunoglobulin-like receptors (KIRs). The iNKRs are virtu-

ally absent from the surface of cord blood T cells but we found that KIR

expression could be induced upon interleukin-2 stimulation in vitro. In

addition, KIR expression was enhanced after treatment with 5-aza-20-

deoxycytidine, suggesting a role for DNA methylation. In vivo induction

of KIR expression on cord blood T cells was also observed during a

human congenital infection with Trypanosoma cruzi which triggers activa-

tion of fetal CD8+ T cells. These KIR+ T cells had an effector and effec-

tor/memory phenotype suggesting that KIR expression was consecutive to

the antigenic stimulation; however, KIR was not preferentially found on

parasite-specific CD8+ T cells secreting interferon-c upon in vitro restimu-

lation with live T. cruzi. These findings show that KIR expression is likely

regulated by epigenetic mechanisms that occur during the maturation

process of cord blood T cells. Our data provide a molecular basis for the

appearance of KIRs on T cells with age and they have implications for

T-cell homeostasis and the regulation of T-cell-mediated immune

responses.

Keywords: DNA methylation; interleukin-2; killer-cell immunoglobulin-

like receptors; T-cell receptors; Trypanosoma cruzi

Abbreviations: 5-aza, 5-aza-20-deoxycytidine; iNKRs, inhibitory natural killer cell receptors; KIR, killer-cell immunoglobulin-like
receptors.
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receptor-ab-positive (TCR-ab+) and TCR-cd+ T cells.4,5

They regulate T-cell function by interfering with TCR sig-

nalling.5 Most TCR-ab+ iNKR+ T lymphocytes are mem-

ory CD8+ T cells lacking CCR7 expression. Yet, some

CD4+ T cells expressing KIRs are detected both in healthy

individuals and in diseases.6

Studies so far suggest that the regulation of iNKR

expression on T cells differs between receptor families. In

humans and mice, induction of CD94/NKG2A is

observed subsequent to TCR engagement and is clonally

determined.4,7 Cytokines such as interleukin-2 (IL-2),

IL-10, IL-12, IL-15 or transforming growth factor-b can

also participate in the induction of CD94/NKG2A surface

expression on adult T cells.8–10 Conversely, factors driving

KIR expression still remain unknown. Expression of KIR

has been found mostly on T cells harbouring a memory

phenotype and a skewed TCR repertoire, suggesting that

its expression is associated with antigenic stimulation.

However, in vitro TCR ligation or cytokine stimulations

failed to induce KIR expression on adult T cells.5 T cells

expressing identical TCR can be KIR-negative or KIR-

positive and can express a large variety of combinations

of KIRs, which indicates that TCR rearrangement pre-

cedes KIR acquisition.11,12 Consistent with this, cord

blood and thymic T cells rarely express iNKRs.13,14 The

expression of KIRs on NK cells is controlled by epigenetic

processes. Expression of KIR has been correlated with

DNA methylation of CpG near the transcription start site

which maintains allele-specific KIR gene expression in NK

cells.15,16 Recent results suggest that KIR expression on

T cells may also be regulated by DNA methylation.

Indeed, it has been reported that dense DNA methylation

patterns in the promoter of specific KIR genes of cord

blood KIR-negative T cells and KIR2DL4 and KIR2DL2

transcription were induced in T cells following DNA

methyltransferase inhibition.17–19

To attempt to identify factors that could drive KIR

expression on T cells, we used cord blood T cells stimu-

lated both in vitro and in vivo. Neonatal T cells are quali-

tatively different from adult T cells. They display a naive

phenotype, rarely express iNKRs and are characterized by

a reduced ability to produce T helper type 1 cytokines

and a decreased cytotoxicity potential.20 They are consid-

ered more immature than adult T cells; however, under

some circumstances, neonates can mount an adult-like

T-cell response. We reported that a strong cord blood

CD8+ T-cell response can develop in newborns congeni-

tally infected with Trypanosoma cruzi, the protozoal agent

of Chagas’ disease.21 Expansion and differentiation of

these mature CD8+ T cells in utero provided us with a

unique setting to look for the induction of KIR in vivo

following antigen stimulation. In the present study, we

found that both in vitro IL-2 stimulation and congenital

infection could induce significant expression of KIRs on

cord blood CD8+ T cells.

Materials and methods

Patients and samples

Cord blood was obtained from newborn infants delivered

at the maternity hospital ‘German Urquidi’ [Universidad

Mayor de San Simon (UMSS), Cochabamba, Bolivia] or

from the Department of Obstetrics of the Erasme Hospital

(Brussels, Belgium). Adult blood samples were collected

from healthy Belgian volunteers. Information about new-

born infants and congenital infection with T. cruzi has pre-

viously been reported.22 This study had ethical approval

from the scientific/ethics committees of UMSS and Univer-

sité Libre de Bruxelles. We obtained the informed written

consent of the mothers before blood collection. Cord blood

(CBMC) and peripheral blood (PBMC) mononuclear cells

were isolated by Nycoprep density gradient centrifugation

(Nycomed Pharma AS, Oslo, Norway) and cryopreserved.

No contamination of CBMC with PBMC from the mothers

was detected, as previously described.21

Antibodies and flow cytometry

Flow cytometric analysis was carried out using standard

protocols on a Becton Dickinson FACScalibur and using

CELLQUEST software. The following monoclonal antibodies

(mAbs) and their matched isotype controls were used: anti-

CD3 (clone SK7) anti-CD8 (SK1), anti-CD62-L (Dreg 56),

anti-CD45RA (L48), anti-interferon-c (IFN-c; 25723.11),

anti-CCR7 (2H4), anti-CD158a (EB6, anti-KIR2DL1/

KIR2DS1), anti-CD158b (GL183, anti-KIR2DL2/3/

KIR2DS2) from BD Biosciences (Erembodegem, Belgium)

and anti-CD159a (Z199) and anti-TCR-cd (IMMU510)

from Beckman Coulter (Fullerton, CA). Anti-CD158e

(DX9, anti-KIR3DL1), anti-CD158k (DX31, anti-

KIR3DL2), anti-CD159b (DX22, anti-CD94) mAbs were

provided by DNAX (Palo Alto, CA) and anti-CD85j (GHI/

75, anti-LIR1/ILT2) was generously donated by D. Mason

(Oxford, UK). Unlabelled antibodies were visualized using

goat F(ab0)2 fragment anti-mouse immunoglobulin G (IgG;

H+L) (BD Biosciences). Intracellular staining was per-

formed as recommended by BD Biosciences. The nuclear

antigen KI-67 was used to measure cell cycle activity as

recommended by the manufacturer and cell death was

determined by staining CBMC with fluorescein isothio-

cyanate-conjugated annexin-V (BD Biosciences).

Stimulation of T cells with live T. cruzi

The CBMC (0�5 · 106/ml) were resuspended in RPMI-

1640 supplemented with 10% fetal calf serum, 100 U/ml

penicillin G and 100 lg/ml streptomycin (Cambrex Bio

Science, Verviers, Belgium). Then, CBMC were stimulated

for 24 hr with live T. cruzi trypomastigotes (TcIIe geno-

type) in the presence or absence of recombinant human
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IL-15 (1 ng/ml) (R&D Systems Europe, Abingdon, UK), in

a 2 : 1 parasite : cell ratio. Brefeldin A (10 lg/ml; Sigma, St

Louis, MO) was added for the last 4 hr of the culture.

In vitro induction of iNKR expression on T cells

The CBMC (1 · 106/ml) were cultured for 4 days with

coated anti-CD3 mAb (OKT3; 10 lg/ml) or in medium

supplemented with IL-2 at 1 or 10 ng/ml (Peprotech,

Rocky Hill, NJ), in the presence or absence of 5-aza-20-

deoxycytidine (5-aza; 1 lM; Sigma). No significant toxic-

ity of 5-aza was observed after 4 days of treatment.

Statistical analysis

The GRAPHPAD PRISM software was used to calculate statisti-

cal significance (P < 0�05). The comparison of the medi-

ans between the three cohorts (uninfected newborns,

congenitally infected newborns and healthy adults) was

done by using non-parametric analysis of variance (Krus-

kal–Wallis test) followed by Dunn’s analysis. Otherwise,

statistical differences were determined using the Wilcoxon

matched pair tests.

Results

In vitro IL-2 stimulation induces KIR expression on
cord blood T cells and KIR expression is increased
following treatment with DNA methylase inhibitor

We used cord blood T cells which are mostly iNKR nega-

tive to identify factors inducing KIR expression on T cells.

The CBMCs were stimulated for 4 days with low and

high doses of IL-2 or plate-bound anti-CD3 mAb and

KIR expression was monitored by flow cytometry on

CD8+ T cells. As CD158b was the most frequently

induced KIR (data not shown), we focused the study on

that particular KIR. Interestingly, CD158b expression was

induced on cord blood T cells following IL-2 stimulation

but not after TCR triggering (Fig. 1a). The expression of

CD158b was found to be a proliferation-independent

event as positive cells remained CFSEhigh after 4 days of

stimulation with IL-2 (data not shown). By contrast and

in agreement with the literature,5 no significant induction

of CD158b was observed upon IL-2 and anti-CD3 stimu-

lation on adult CD8+ T cells (Fig. 1a). A significant

reduction of the proportion of CD158b+ CD8+ T cells

was even observed, correlated with higher proliferation on

CD3 cross-linking, further emphasizing that TCR engage-

ment does not induce KIR expression on T cells. Inhibi-

tion of DNA methylation using 5-aza induced a further

significant increase in the frequency of CD158b-express-

ing CD8+ T cells both in cord blood and adult T cells

(Fig. 1b). The effect of 5-aza was specific to KIR as

expression of CD94/NKG2A, which was also induced

upon IL-2 stimulation or TCR ligation, was not modu-

lated by 5-aza treatment (data not shown).

Altogether, these results indicate that KIR expression

can be induced upon cytokine stimulation on cord blood

CD8+ T cells and not on adult T cells. The frequency of

KIR-expressing T cells is enhanced following treatment

with 5-aza, an inhibitor of DNA methylation.

KIR expression on cord blood T cells is induced upon
congenital infection with T. cruzi

We also investigated whether KIR would also be induced

in vivo on cord blood CD8+ T cells, in the context of an
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Figure 1. Induction of killer-cell immunoglob-

ulin-like receptors (KIR) expression on cord

blood CD8+ T cells in vitro. Frequency of cord

blood and adult CD8+ T cells expressing

CD158b after incubation for 4 days of cord

blood mononuclear cells (healthy newborns)

and peripheral blood mononuclear cells

(healthy adults) in medium alone, medium

supplemented with interleukin-2 (IL-2; 1 or

10 ng/ml) and in the presence of plate-bound

anti-CD3 monoclonal antibody (aCD3). (a)

without additional treatment. (b) without

(white histograms) and with (black histo-

grams) treatment with 5-aza-20-deoxycytidine

(5-aza) for 4 days. Mean ± SEM are shown.

Data are representative of (a) 7–13 experiments

and (b) 3–13 experiments. Statistical analysis

was performed using Wilcoxon matched paired

test. P-values are indicated.
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acute infection in utero. Human congenital infection with

T. cruzi triggers a clonal expansion of activated CD8+

T cells.21 In this study, we confirmed the activation of

CD8+ T cells from congenitally infected newborns with a

significant increase of CD45R0 expression (median

21�6%, range 14�4–39�3, n = 10) and significant decrease

of CD62 ligand expression (median 74�9%, range 18�9–

86�6, n = 9) compared with uninfected newborns (median

7�3%, range 0�2–16�1, n = 13 and median 91%, range

54�7–96�3, n = 12, respectively) (P < 0�05). We also con-

firmed that cord blood T cells barely expressed iNKRs

(CD94/NKG2A, CD158a, CD158b, CD158e, CD158k and

CD85j) in healthy newborns (Fig. 2). By contrast, we

measured a significant expression of KIRs on cord blood

CD3+ T cells from congenitally infected newborns:

CD158a, P < 0�01; CD158b, P < 0�01; CD158e, P < 0�01;

CD158k, P < 0�05, with a frequency that was not too dif-

ferent from that for adults. CD94/NKG2A receptors were

also strongly and significantly up-regulated on T cells

from congenitally infected newborns (P < 0�01). The

acquisition of CD85j surface expression on CD3+ T cells

was more variable but the proportion of positive T cells

was significantly increased compared with uninfected

newborns (P < 0�05). It is of interest to note that such
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Figure 2. Inhibitory natural killer cell receptor (iNKR) expression on CD3+ T cells from congenitally Trypanosoma cruzi-infected newborns.

(a) iNKR expression on CD3+ T cells from representative cord blood mononuclear cells of uninfected or congenitally T. cruzi-infected newborns

and peripheral blood mononuclear cells of a healthy adult. The proportion of iNKR-positive cells among CD3+ T cells is indicated in the quad-

rants. (b) Percentages of iNKR+ cells among CD3+ T cells in uninfected or congenitally T. cruzi-infected newborns and in adults. Horizontal bars

show the medians (n = 7–19) and P-values between groups are indicated. Statistical analysis was performed using Kruskal–Wallis test followed by

Dunn’s analysis.
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up-regulation was not detected on NK cells,23 providing

evidence that the induction of iNKRs on T cells was not

a consequence of T. cruzi infection that would up-regu-

late iNKRs on all lymphocyte populations. Importantly,

the expression of not only KIRs but also of CD94/NKG2A

was strictly associated with the infection of the baby

because uninfected newborn infants of T. cruzi-infected

mothers lacked iNKR expression on their T cells (data

not shown).

KIR+ cord blood T cells from newborns congenitally
infected with T. cruzi are mainly ab TCR+ CD8+

T cells displaying an effector and effector/memory
phenotype

We further characterized the KIR+ T cells in newborns

congenitally infected with T. cruzi. Expression of KIR was

measured as a whole using a pool of mAbs including

anti-CD158a, anti-CD158b, anti-CD158e and anti-

CD158k. As indicated in Fig. 3, their expression was

detected mostly on TCR-ab+ TCR-cd) CD8high T cells,

while NKG2A was also frequently expressed on TCR-cd+

T cells.

T cells can be divided into subsets whether they are

naive, effector or memory cells using CD45RA and CCR7

cell surface markers.24 In agreement with the literature,

uninfected newborns exhibited a predominant population

of naive CCR7+ CD45RA+ CD8+ T cells (Fig. 4a). By

contrast, the percentage of naive CD8+ T cells in congeni-

tally infected newborns decreased significantly (P < 0�01)

while the percentage of effector and effector or central

memory cells increased. We next analysed the phenotype

of KIR+ CD8+ T cells as well as CD94/NKG2A+ CD8+

T cells from congenitally infected newborns (Fig. 4b). As

expected, we found a drastic decrease of the proportion

of naive CD8+ T cells among CD8+ T cells expressing

KIR or CD94/NKG2A, the size of these subsets being

smaller than the percentage of naive cells among total

CD8+ T cells in these newborns (Fig. 4a,b). The

vast majority of KIR+ CD8+ T cells had a phenotype

of effector (CCR7) CD45RA+) and effector memory

(CCR7) CD45RA)) cells. CD94/NKG2A+ CD8+ T cells

had a more distributed pattern but with a slightly higher

proportion of effector/memory CD8+ T cells. These

results associate the expression of KIR with the differenti-

ation of CD8+ T cells into effector cells upon T. cruzi

infection.

KIR expression on T. cruzi-specific CD8+ T cells

To further characterize the phenotype of KIR+ CD8+

T cells in congenitally infected newborns, we analysed the

frequency of cycling cells among KIR+ and CD94/

NKG2A+ CD8+ T cells by measuring the intracellular

expression of the nuclear protein KI-67 (Fig. 5a). The

number of cycling KIR+ CD8+ T cells was not different

from KIR) CD8+ T cells and the proportion of

KI-67+ CD94/NKG2A+ CD8+ T cells tended to be consis-

tently higher than KI-67+ CD94/NKG2A) CD8+ T cells in

infected newborns. We also monitored apoptosis in the

circulating pool of CD8+ T cells from newborns congeni-

tally infected with T. cruzi. As shown in Fig. 5(b), we did

not detect any differences in the frequency of KIR+ and

KIR) CD8+ T cells undergoing apoptosis while a signifi-

cant increase in the proportion of CD94/NKG2A+ CD8+

T cells undergoing apoptosis was found compared with

CD94/NKG2A) CD8+ T cells. Altogether, these data sug-

gest that KIR+ cord blood CD8+ T cells from T. cruzi-

infected newborns have a lower dynamic turnover than

CD94/NKG2A+ CD8+ T cells.

To further assess the link between antigen-specific acti-

vation and induction of KIR, we analysed the ability of

KIR+ CD8+ T cells to produce IFN-c upon parasite-

specific stimulation and compared it with CD94/

NKG2A+ CD8+ T cells. The CBMCs were stimulated with

live T. cruzi in the presence of IL-15 for 24 hr, and IFN-c
secretion by CD8+ T cells was measured by intracellular

flow cytometry staining. T cells from uninfected newborns

were unable to produce IFN-c upon exposure to both

T. cruzi and IL-15 (Fig. 6a,b) whereas most of the con-

genitally infected newborns tested did (Fig. 6a,c). The

parasite was involved in this activation because stimula-

tion with IL-15 alone did not result in IFN-c production

(Fig. 6c). No difference in the proportion of cells secret-

ing IFN-c was detected between KIR+ and KIR) CD8+

T cells and the percentage of IFN-c+ cells among CD94/

NKG2A+ CD8+ T cells was higher than among CD94/
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Figure 3. Phenotype of killer-cell immunoglobulin-like receptor

(KIR)-expressing and NKG2A-expressing T cells from congenitally

Trypanosoma cruzi-infected newborns. Cord blood mononuclear cells

from three representative congenitally T. cruzi-infected newborns

were stained with anti-CD3, anti-CD8, anti-TCR-cd and either anti-

NKG2A or a pool of anti-KIR monoclonal antibodies (CD158a,
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indicated.
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NKG2A) CD8+T cells (P < 0�05) (Fig. 6a,c). These results

suggest that KIR expression is not preferentially associated

with activation of parasite-specific CD8+ T cells.

Discussion

To date, KIR expression on T cells has been associated

with memory T-cell differentiation and senescence.5

Expression of KIR by a small proportion of T cells has

been demonstrated in inflammatory disorders, tumours

and some viral infections, like human cytomegalovirus

infection.5,25–28 The proportions of KIR+ CD8+ T cells

was also found enriched in human immunodeficiency

virus 1-infected subjects and a direct link between KIR

expression and viral loads has been suggested.29 The bio-

logical functions of KIRs on T cells are still poorly under-

stood. It has been proposed that they are involved in the

maintenance of memory T-cell survival and resistance to

activation-induced cell death.30,31 They can also modulate

the T-cell activation threshold32 and uncouple T-cell

effector functions,33 so playing a role in the regulation of

T-cell-mediated immune responses.
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and (b) frequency of Annexin-V+ CD8+ T cells. Horizontal bars rep-

resent the medians (n = 5–7). P-values were calculated using Wilco-

xon matched pair test.

� 2009 Blackwell Publishing Ltd, Immunology, 129, 418–426 423

iNKR induction on neonatal CD8+ T cells



Factors driving KIR expression on subsets of T cells are

also still ill-defined. Many groups failed to induce KIRs

on human adult T cells. Similarly, attempts to induce

Ly49 receptors on mouse T cells were unsuccessful.5

These findings led to the conclusion that induction of

KIR or Ly49 was a rare stochastic event with a randomly

distributed expression among T cells,34 consistent with

different KIRs being expressed on a small proportion of

the progeny of a single T-cell clone. The modelling of

KIR gene expression by computer stimulation confirmed

this conclusion of a stochastic, cumulative expression of

KIR genes during clonal replication.35 It is clear that

although all T cells express the transcriptional machinery

to express KIR, not many do.36 The expression of KIR on

T cells is associated with a memory phenotype suggesting

that KIR is induced after antigenic stimulation. However,

it has so far been difficult to show that a natural infection

could induce KIR expression on T cells in humans. We

report here the in vivo induction of KIRs on human

CD8+ T cells. Their expression was observed during a

congenital infection with T. cruzi and was a direct conse-

quence of the infection because KIR was not induced on

T cells of uninfected newborns from T. cruzi-infected

mothers. Expression of KIR was found on cord blood

T cells with an effector and effector/memory phenotype

suggesting that its acquisition occurred during the differen-

tiation of naive CD8+ T cells into effector and memory

cells. However, KIR expression did not seem to be tightly

associated with activation of parasite-specific T cells. We

detected similar proportions of KIR+ and KIR) CD8+

T cells secreting IFN-c in response to in vitro stimulation

with T. cruzi + IL-15 while a higher proportion of CD94/

NKG2A+ CD8+ T cells secreted the cytokine compared

with CD94/NKG2A) CD8+ T cells. This finding correlates

with our in vitro data showing that only IL-2 stimulation

and not TCR cross-linking could induce KIR expression

on cord blood CD8+ T cells while CD94/NKG2A was

induced upon TCR ligation. It is also consistent with KIR

being absent on most antigen-specific T cells ex vivo in sev-

eral viral infections.5,37 Interestingly, van Stijn et al.28

recently reported KIR up-regulation on CD8+ T cells dur-

ing the acute phase of human cytomegalovirus infection

and not during the latency phase. This up-regulation was

found on CD45RA+ CD27) CD8+ effector-type T cells but

not on pp65-specific T cells recognizing an immunodomi-

nant epitope. Whether induction of KIR is restricted to

specific subsets of antigen-specific T cells or whether

the inflammatory environment is responsible for KIR

expression still remains to be investigated. It is interesting

to note that we could also induce KIR expression on cord

blood T cells upon IL-15 stimulation for 2 weeks. Interleu-

kin-2 and IL-15 might share properties that allow them to
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contribute to KIR induction. One candidate could be the

transcription factor c-myc, which has been implicated in

the enhancement of KIR transcription in NK cells.38

Our results both in vitro and in vivo show that induction

of KIRs occurs at a higher frequency in cord blood T cells

compared with adult T cells. Interestingly, a single study

reported Ly49 expression upon IL-2 stimulation on mouse

T cells and the experiments were performed with T cells

from young mice.39 The differences between adult and neo-

natal cells are likely to be linked to their level of differentia-

tion. Cord blood T cells are phenotypically and

functionally more immature than adult naive T cells.20 One

of the main differences resides in the pool of recent thymic

emigrants, which is important in neonatal blood.40 Neo-

nates have a higher frequency of naive T cells that show a

good response to common c-chain cytokines such as IL-2,

IL-7 and IL-1520 whereas IL-2 is not sufficient to drive

extensive proliferation of adult T cells.40,41 Further work is

needed to investigate whether the difference of response to

IL-2 between cord blood and adult T cells controls KIR

induction. It is likely, however, that the quality of the

response to activating signals is not the only process

involved because it does not explain why some T cells from

the same progeny do express KIRs and some do not.

Earlier reports showed that DNA methylation regulates

allele-specific KIR gene expression in human NK cells15,16

and KIR2DL4 expression in CD8+ T cells from elderly

individuals.18 Molecular mechanisms responsible for

active DNA demethylation are poorly characterized; how-

ever, components of the DNA repair machinery have

recently been implicated.42,43 It therefore remains to

establish whether these events could also control KIR

expression in neonatal T cells. Liu et al.19 have recently

shown that DNA methylation inhibition by 5-aza pro-

moted the expression of KIR2DL2 and KIR2DL4 on

mitogen-activated adult T cells through change in both

chromatine structure and transcriptions factors. We

extend this work by showing that 5-aza specifically

induced KIR expression on cord blood and adult CD8+

T cells activated through TCR-dependent or independent

pathways. These data suggest that KIR genes are partly

silenced by DNA methylation in neonatal T cells. DNA

methylation constitutes a biologically and chemically sta-

ble epigenetic modification, resulting in long-term gene

expression changes. This explains why once KIR expres-

sion is acquired on T cells, this expression is maintained

in the progeny. DNA methylation is also one of the age-

associated changes in mammals44 that could be correlated

with changes in DNA repair efficiency. The finding that

DNA methylation regulates KIR expression on T cells

provides a molecular basis for the increased proportion of

KIR+ CD8+ T cells in the elderly. It would also fit with

the association of KIR with chronic stimulation and the

model of stochastic and cumulative expression of KIR

genes during clonal replication. Inflammatory, innate and

adaptive immune responses developed not only early in

life but also later on, most likely shape the KIR repertoire

expressed by T cells that will subsequently participate in

immune homeostasis.
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